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Abstract the range of 71.6-102.1 g/m*day. The total emissions of

N>0 in 2022 and 2023 were in the range of 11.7-23.7 and

Globalfconcemioyeclimatclchanyegdriyenibyfgreen- 7.8-19.9 g/m*day, respectively. Overall, greenhouse gas

house gas emissions, has prompted widespread interest in

- : i i emissions decreased after biochar treatment, confirming
sustainable solutions. In the agricultural sector, biochar

) o ) the positive influence of biochar on mitigating greenhouse
has emerged as a focal point for mitigating these emis-

: - . ! . : gas release from the soil. Nevertheless, further research
sions. This study investigated the impact of continuous

. R, o . over an extended period exceeding five years is deemed
biochar application on CO, and N,O emissions during the

) o ) i essential to delve into the specific mechanisms behind
spring cabbage cultivation period. Greenhouse gas emis-

e c ) ) these observed changes and to assess the long-term sus-
sions in the biochar treatment groups (soils treated with 1,

. . tainability of biochar’s impact on greenhouse gas dynam-
3, and 5 tons/ha of rice husk biochar) were compared to

. ; ) ) ics in agricultural settings.
those in the control group without biochar. During the

spring cabbage cultivation period in 2022, the total CO, Key words: Biochar, Cabbage, Continuous application

emissions were in the range of 71.6-119.0 g/m’day, and in

) . . O . Greenhouse gas
2023, with continuous biochar application, they were in
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715 RIs7} 7EsshE e whet mA| A 0w 715} Aol
t&ab7] flal oe] AASE AAskL Q1o SujolA= o
=% e FIAEE Bagste] w7 A7k SRR 2
(NDC, Nationally Determined Contribution)< ©]33}al
AtH1]. 542 A, 2050 B4 FAS S8 20503714
2018324795k ) thH] 37.7% 9] LANIAE 530 154
Wk B lEEs HaE A7 Al digh ATso] 21
=31 QIeH2]. skl ' HI A7 A7l Q)
oA rlo] @ xKBiochar)7} &34l EA 2 H71E w1 Q1o
H[3], olell wet vpol exE D85 A A7k A7 2
ezl gk A7 wol Hal Sl A%oltH4-6].

Hlo] @ 2= vlo] 2 v A(Biomass) 9} £(charcoal)2] 4
o F Hlo]| QuiAE F714 FA R BAEZH &
agho] wom, PgE Wk 2= wjdE o] a7t o

AR FAETH7). vlo] e AE Py s AR
71 glol| wpo] eabE Eoke Mgt A, Hlo] 2k
S Ao oet FER A St} ol e w7
A AR 1A RS ARES AT Q)

b

’/E‘E A= o o=
o B B W 2= B 571 V1R /1% NO HiE AR
7 pH S7F2 %k N;O o] 845 gl 247k
g S o L BR8], F7H 0 nlel )
£ Bl Azlshd ool n¥ 8 S B o, ¢
B e g ouE 84 5 EPNEE S A A,

Aem[9], ThFet 2k, dal
AIZY, A58 Firel whet vhekst 54 YER] wiiel &
3 A TH10].

T, vpel At QP E A e e vl
ekl du 9 Atz Fol mE vlel et Uit fral g,
PAHO &F2 QI3 Bok 4l 2ol flallido] sle & 3tk
[11]. 53], Wang 5{12]¢] A7ellx= Eokel H2d vle] 2
A7k AJ3o] Al wket A7 17} ek, ol B ¥
2 =olaL nle]eate] el Jeks v 5 Skl o
itk o]9} Fo] Egkel] AEAIX] Hlo] k= Al7to] A
wet x, B, A Fol wislkely] uiel el e
g Aget Folu A&l BuE"o] Fasirhal ke
th ool & A= FHlF AuiAelx A nlo] eate] A

Table 1. Chemical properties of the experiment raw soil

\0

AR Bal iR A%, B 4 54 U LAks BF
e Prhesict

4

ERLTRTE

SAEY EH

2 d7E Aggs A AHe] fxIgE A dAEA|
(34°59'54.8'N 127°30'23.6"E)llA] =88 =] 31 oH, Al Aulj=|
EF9| o|3}e1F EAE Table 13 ¢tk E9k] pH Y CEC
© 217 6.68 X 129 cmol./kg o= wiFAfulel] 2 3afol o
, EC @ OM= 3.70 dS/m, 43.8 g/kg o= nj5=An)] 27
#1912 dS/m ol Yl 25-35 g/kgH Tt & 2 0F FA}
Atk ol= AR iAol A &A% g5 ARgslo] B
Fol| eko] JAH Aow et

o W gk H 7

Hio|2xt £d

Hlol e xR A% Axed koM 500°C e
oAl oF 4417+ TLUD (Top lit up draft) 202 A3t
o] Azttt nio] @ake] e 53.8% 01, pH U
EC 9] 31814 5/d<> Table 204 Hi= ngl 2tk

KHuH 22|

nfo] @ 2} Azlof| e A7~ wjEE W B g8
A HiskE 2Akeb] Slste] FAIAER ARuSE A4St
Ak Al A719 A A= 22 4m? (2x2 m) 9 45x
45 cm$l o, 3 AJEY 1659 HjFEES FAsIsIh A
Hl717E Bk njdEA 07 BokS &g on, Helte 7t
7} 39k 0 2 el Q). S 202212 20231 ol Aul
sklom, 202211 49 2145H 79 447 7591 Aful
391 2023132 49 7UHE 62 5U7H4] 6043 Aulsksd
ok Al 713 et Bt 9 Bt E=S Fig. 10 U
ERiglom, 20223 2023 % Hit EXEEE 26.3°C 2
22.3°Clom, Hat BT 13.7% 2 4.33% % 2022
el v]3)] 2023 BT 9 Bk ggo] tha wotth

x| =
A2 wlol aks Ak e thx74(BCO0) <} Hle]
9212 747+ 1, 3 4 5 t/ha (BC1, BC3, BC5)E 2|3t Az

pH EC T-C T-N Av. P,Os Ex. cation (cmol./kg)
(1:5) (dS/m) - - (g/kg) - - (mg/kg) K Ca Mg CEC
6.68 3.70 25.4 2.71 0.66 9.52 1.58 12.9
Table 2. Chemical properties of biochar
pH EC H C N K Ca Mg
(1:10) ds/m) ... (g/kg) - - ---------------
10.7 4.58 2.95 538 6.17 10.0 1.51 1.32
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Fig. 1. Changes in mineral nitrogen content in the soil during the spring cabbage.

T2 Uslon, BE AT FEX8A 2HEE nIgAA
ol Fsto] ulE AAAHIER] N-P,Os-K,O (17.8-3.0-7.3
kg/10a)E Eol AH2lslqlt). nfo] eatel F714 g 4
2] 25 el ool Al e, 771 u|5e] Aol 44
3093} 4590 Z47F FnlEinh ASEAS 8 5w
A, 98 9 945S ARSI

¥ EY
7:] ﬂﬁl‘)\‘]
e 1:59 BlEE JE5t] pH meter
4 EC meter (5230, Mettler Toledo, Zurich, Switzer-
land) 2 #4138} B9k @214k LancasterH(Ubi-490,
Microdigital, Korea)< ©]-83}31. 01, X]3Hg oFolL-2] 749
] IN-NH,OAc §91° % % % ICP (ICPE-9000, Shim-
adzu, Kyoto, Japan)E AH-3to] #4813 T-C 2 T-N<
24 71(EA240011, Perkin Elmer, USA)E ©]§3 &
At
Hpo] @ 2ke] pH % ECi= Hlo| @Aks} S7+5 1:10 Bl
= &3] pH meter$} EC meters ©]8-3810] 4131312
o, T-C 9 T-N2 E¢F 2439 g W oR 24813l

o] @4ke] T-P, K, Ca % Mgt 52328l H(H,SO+-HCIOy)
o7 #d)3te] T-PE VanadateH(Ubi-490, Microdigital,
Korea), 71 ¢ ¥7]Ad+#& ICP (ICPE-9000, Shimadzu,
Kyoto, Japan)E ©]&3to] #4331tk

2A7IA MH H flux FH

Al 717t Fot 247}k Static chamber method & ©]
|8t A7 At A= 30 em (D) x 50 cm
H)9] 459 Zehng ANE olgaalon, At Tl
5 am %ol AdAste] TRl 27~ F 13] oA
1041914 124] Atelell 307F s 2A7FAE 3 way
stopper”} -2 FA| 2 2A8kglom, et FHlek
< OHIE A A TR 7EA AFHE AAEISIEE 2339 A
Ev 7t2a=2rtE 1798890 GC system, Agilent, USA)
£ o]§3lol NoO, CO, ¥ CH,O| A S AT 13].
W EE= 247k ot 2& o] &ste] AXtsiSith

F=p x (V/A) x (Ac/At) x (273/7T)

F= N,O, CO, 2 CH, flux gtol™, p= ald 714 9%
(mg/cm®), Vi= 2] ¥-3)(m’), Ax ¥ WH(m?), Ac/



438

Park et al.

At Ao U S9IAzRg 7R FE HERE T A )
LECC)Z )3t} Auj7I7E Sk HiEEE LA7kAE o}
o T3 o] 2A7IA wiEFe] AT2dSATE Hdlo]
COoR FAIBIT,

Total GWP (g-CO,/m?) =
(310 x NL,O) + (21 x CHy) + (1 x COy)

EAl #2412 SAS 9.4 (SAS Institute Cary, NC, USA)
& o]&3to] ANOVA 415 F33t3l2m, Dun-

can’s multiple range test (DMRT)E ©]&-3l 5% (p=

0.05) FES FoFFelA At ars sl

231 9

2 xF

k-
EY 3lstd EAL

upo] @2} Aol W FulF A & Bl S =
Akgk A3 Table 3), =% pHE| -7 2022'd 7} 2023 2}
7} 6.91-7.23 U 6.48-6.720 % n}o] 9 2} Ag|Ho] F/IEE
pH7} S7Fsl oM, A8 gA]l pH7F wobA] w5 Ajuje]
7% pH?! 6.0-6.5 W= /Ut Kang 5{14]¢] A
oA ESF pHSL CO, HiEHe] &2 JHIAE Uepdth=
ATATE Fall vlo] Al gl mE ¥el U nYEEYo
2 QI3 CO, WiIEH S712 Q8 pHIF 748 107 Ko
7tk #8F $ E9F ECE BCOS} M walsis wl, who] @2} %
gl wEl ECHto] 34.1-49.3% RSIE Stopglon], A-8Ag
A ECHES 35.6-72.9% 7hAdto] HjZ=ASof 2w <lel 2.0
dS/m °©l37HA] Zraatelth. G- AFtelA= vho] Ak A
27t B 9 2 YEFS S7HIA EY ECTT Skt
= ®arh 9low15,16], Wang 5{17] wlo] a7} Hl&
HEH A} S8R <18k pHZE 6 g o, W k] o
o2& Faste] ECTT Wokdtkar 81912, Dahlawi 5{18]
o GREYIA vloleate] AHEle EES 2 95 F3F

Table 3. Chemical properties of soil cultivations

AZIAY B9k B MAAA 9 HES TTHITCR
# ECto] wtolxlthal B aiskgith oo} o] vpo] @ b= <1
afo] EoF EC7F A o= skt T-C 9 T-N9| 4
T, Hiel@eal Aol wht o] Skl ot )1 el e
gk zlolE YERhA gk

A7 sk B9k T E] A= Fig. 201 YE
Uiadeh 20221 Fat ot Aol AAbe) A -
717} 99.4-179.8 mg/kg % 161.0-335.0 mg/kg O & vfol .

A Ngrzol /1SS ol At Fk0,

]

4
Hole) A4 F3sdo] %2 4o, nfo] @4} Al 8450
Vs FHEYS 7L SiSitk o] g o] Bk

obel A FE|E Hpo] efe]l F&sto]
42 9 ks ARl o ma Rt} davt Stst
AL AR Aart skl AoR s 2023 Het
Admujote] Mol Aabe] A S 19.9-49.9 mg/kg U
94.5-132.3 mg/kg 0% FAFH o1, nio] @4} -84 B
g nlo] 92} Al 8TES SUMAATE ANt A4 gl it
2% Aoz ARG,

O

247IA WIS

2022'd % 20239 FHllE AHI7IRE B2t nlo] @} Algo
e 2ATEA wiERE 2AKE A= Fig. 304 B nfg)
At} wje] eak Al e N,O HlEHS 20221 BCO,
BC1, BC3 4 BC5°14 27} 0.39, 0.29, 0.23 % 0.18 mg/
m’day%1 2™, 202332 717} 0.43, 0.40, 0.39 ¥ 0.34 mg/
m’dayZ AR QTh wlo] @A Al8Ee] F7HEEE N,O
HEFS hasiolod, A8AE 3 2023\ d kel wiETe
AAERT S7FE 2102 ARG Bl N,O wilE2
g9 9 Aislg o7 wjEEe, BEYEE, TR 9
718} Aa T ot #2910 N,O vl ¥
tH20]. vpo] @A} Al 7kl WE NLO A7H Liu
[21]9] Aol ®argh uhe} o] wlo] @ Abw Q1% E¢F pH
79 AAks 9 g Azt AR Qlste] NO HiE%

oft My 42

pH EC T-C T-N Av. P,Os Ex. cation (cmol./kg)
(1:5) (dS/m) - - (g/kg) - - (mg/kg) K Ca Mg CEC
BCO 6.91b 4.26a 27.2ns 3.46ns 951b 1.10ns 9.91ns 1.77a 17.2a
002 BC1 6.76ab 3.02ab 29.2 3.70 1,051a 0.96 10.92 1.90ab 18.1ab
BC3 7.07ab 2.76ab 324 4.22 1,051a 1.06 10.55 1.96ab 18.7ab
BC5 7.23a 2.32b 33.2 4.02 1,053a 1.10 10.84 1.86b 18.2b
BCO 6.48b 2.95a 27.5b 3.01ns 1013c 1.21ns 9.84b 1.78ns 17.0a
2003 BC1 6.50b 2.66b 30.2ab 3.31 1085b 1.15 10.11a 1.96 15.8b
BC3 6.72a 1.68b 32.1ab 3.18 1017¢ 1.18 10.27a 1.88 16.6ab
BC5 6.60ab 1.24b 34.0a 3.17 1194a 1.20 10.18a 1.82 16.2ab

"Different letters for each row showed a significant difference at p=<0.05 according to Tukey’s test. ns means not signifi-

cant.
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Fig. 2. Greenhouse gas emissions during spring cabbage cultivation period.

o] Aad o ke Hiol oAl dgAge] uE Hat 7 2023\el| 7}7} 8.41-111.5 % 8.43-334.1 mg/m’hr W9
N,O HIEH S7H= 20229 EHl5 AulE B8 =9 W) F %o, BC1, BC3, BC5 A7l 22} 14.8-164.0 3
78] AAagRo] S8l om, 2023 % HiSAH] 2710 N,O 16.1-167.4 mg/m*hr, 20.3-173.7 4 22.8-186.4 mg/m’hr,

2 HEHNS A oE ghEvh22]. 28.0-181.1 ¥ 11.6-161.9 mg/m’hr HSIZ A=) CO,
Hpo] @2k Al CO, WIEHS BC02] 73-9-¢l 2022 W& AN A% 97 Z74I} 109 ©1%- 100 mg/m?
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Fig. 3. Global warming potential (GWP) and greenhouse gas intensity (GHGI) under biochar application to cabbage

cultivation for 2 years.

hr oJstz wtopxlom, Fu|A e we} CO, wiEZe| 57t
sl3itk 20221d CO, MiEHES Hlo] A} Al8-r<=0] S7Fer
= CO, HiEZo] SIS om, o] oAtz Qlsf vdE 24
o] Z7kste] MAE TFFe] Tt A& CO, WiEY SVt
off Yolel Zog Fhelth23]. nlo] 22l d-&A Al CO, Hl
S 202200} FTFeRS O, nlo] @b AlGrEe]] wHE
CO; W& 2022\ 3= A=) vlo] @3}e] Alg-4=0]
3718kl Wk CO, viEso] asolt) ol Lee[24]2 E
& 3 who]eat Aol wet CO, MiES Aftsiths A
TAz e} fAreHcaL FHECh Lee 5719 vlo] 23 F31o
w2 CO, Wil thsh we} 4 A7-Azel] tp=H njo] 2
2F 9ol e CO, wiEHS Aol uke} Adolsithar 319l
om, o]i= CO, HiEHel thst nfo] @A} axpr} thekst $H4
2 QRlell S W] witolgar Sl

HiE M ZAL

Hlo] @2} Ae]ol] whE uiF=e] AL 3, 9% 9 YA
& AR AAtERS 71t Table 4). 27] vlo] @Ak
Aefsto] Auiet wia=e] AT, A B HE2 2.18-2.41 kg/

N HTIw

plant, 44.4-46.9 cm % 23.5-27.1 cm® A ST B
9] A PEL noleal AlgEe] SISl wet b
k= Agolglont, 93 Afoli= 5 t/ha o A#Al Ve

Table 4. Growth characteristics of cabbage after harvest
according to continuous use of rice husk biochar

Fresh weight Leaf length Leaf width

(kg/ plant) (cm) (cm)
BCO 218 b 444 ns 239 b
BC1 223 b 46.6 240 b
2022
BC3 236 b 46.1 235 b
BC5 241 a 46.9 27.1 a
BCO 1.25 b 17.7 ab 11.5 ns
BC1 1.73 a 23.7 a 159
2023
BC3 149 b 23.1 a 14.8
BC5 1.50 b 16.0 b 114

"Different letters for each row showed a significant dif-
ference at p=0.05 according to Tukey’s test. ns means
not significant.
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Brh 7S whol et A zhell freldk Afol7t gl Aow
ARSI nlo] eae] AgAjeef whE Fuie] AT, o
9 4EE 717} 1.25-1.73 kg/plant, 16.0-23.7 cm 2 11.4-
15.9 cm W2 AT, Jang 525]2) Aol w2 uf
ol eat Aol el 22 Aol Tk oL, FAIA A
o7} viehHA] ¢igiths A ste} fAke A7 Witk vt
o|eak= EWNES Sl A= sl st 84S s
L A o, wlo] et Alggro] TS Bk
pH7E 13 Aol A3 6.0-6.5 HS 23AA wiF A5
o #AH TS = 5 TH26]. Ak nlel A} A-EA
gle] whe} Eoke] pH Y EC7} w5 Aol A skAl /A=
o1, o] e AkE A AealglE Wrt ulE o] A%
a3ltk o] o] £ vo] ekl Ag o B¢ &
Azt Frketglow, olel uiet diolgaiol aagls
Zow PrEry27]. 5 AgA o] uhE Wi AGA SR
s HiFAH 7 |t] WEE G om, o] = Qlsto] AgA el
A i Aol TS wholxl Zlo R AtheT2g].

GWP 2! GHGI

2022133} 2023352 Hlo] @3} Ao wWE F AT~
W& A2 381455(Global warming potential, GWP)
o} o] Rk 7R WS (Greenhouse gas inten-
sity, GHGI) & YERItH(Fig. 4). 20221 GWP+= 78.2-132
g-CO,/m? 02 ZA}E|g o, nlo] 9215 #]2]3t BC1, BC3,
BC5914 212} BCOUIH] 15, 32 4! 40% 7438kt 2023
GWP= 81.5-147 g-CO,/m* 2.2 BCOT|H| 14, 34 & 45%
Hasigiek vlo] et AgAEA] GWPZLH Y E3ke, vlol e
2p Algre] e GWP A7tasS 78ISt Li 5129]
o] AAn|59} nfo] @A) A g whE XT3 o
g Aol GWPY 74t pH, C/N, BEF5714S 58
N,O AztellA 7191w, nle] @2} Algo] N,O MiE%=
ojFFo] T AR wiERe] Ad Zlow wddn

w5 el AR wjEA5Re] 7 20222 BCO
o vl&ll BC1, BC3 4 BC5IA] 712} 20, 56 4 47% #FhAs}
.o, 20231 BCO thH] 38, 44 4! 54% 7A3ISITE wlo]
A} Alge] tigt GHGI= thoket 842013 EoF 2 nlo] e
Zke] EA4el whet Aol & Hon, A7) Aol 20221 ¥}
2023le]| Hlo] @ xFE AskA] ¢ BCO A2l7-llx¢] GHGI
#}0](13.7 kg-CO,/Mg) Bt} Hlo] @415 g3k A2l+¢] GHCI
9] 2}0](5.3-6.3 kg-CO/Mg)7} t] W& ZO= Hol njole.
2ke] g7t 8 9 AAA gt ole Aow Hojxl
tH30].

=
=
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